TITLE OF THE INVENTION 
MONOCRYSTALLINE GALLIUM NITRIDE LOCALIZED SUBSTRATE AND 
MANUFACTURING METHOD THEREOF 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to amonocrystalline gallium 
nitride localized substrate such that an area in which 
monocrystalline gallium nitride is grown is locally present on 
a monocrystalline silicon substrate, and to a manufacturing 
method thereof. 

Description of the Related Art 

Gallium nitride (GaN) has been generally used as materials 
for blue light-emitting elements represented by LED 
(light-emitting diode) and laser diode. Conventionally, 
sapphire has been mainly used as substrates, and gallium nitride 
has been grown thereon by the MOCVD method. 

Conventionally, electronic devices represented by LSI 
have been formed on silicon substrates, and the input/output 
of signals thereof has beenperf ormed through electrodes disposed 
on the periphery of the package or electrodes disposed in an 
array state on the backside of the package. 

These days, the amount of data handled by electronic 
devices and operation capability required therefor have kept 
on an increasing course, and the demand for broader band and 



higher speed on signal transmission on the side of electronic 
devices has been also increasing . The problem, however, is that 
signal delay between electronic devices due to metallic wiring 
and parasitic capacitance occurring between transmission lines 
and the like. Accordingly, the limitations in the improvement 
of performance are beginning to appear in the present situation. 

For the solutions to the above-mentioned problem, the 
following methods have been proposed: a method of integrating 
electronic devices and optical devices by sticking them together 
on the same substrate, a method of connecting plural electronic 
devices by optical devices, and the like. However, the former 
method has the problem such that signal delay is inevitable due 
to electrical connection between the stuck electronic devices 
and optical devices, while the latter method has the problem 
such that it is difficult to downsize the optical devices, and 
the like. 

SUMMARY OF THE INVENTION 
The present invention has been created in view of the 
above-mentioned circumstances, and is intended for providing 
a monocrystalline gallium nitride localized substrate and a 
manufacturing method thereof, which is suitable for 
manufacturing electronic-optical united devices in which 
electronic devices and optical devices are mixedly mounted on 
the same silicon substrate. 



A monocrystalline gallium nitride localized substrate 
according to the present invention locally has an area, in which 
monocrystalline gallium nitride is grown, on a monocrystalline 
silicon substrate . 

Also, a manufacturing method of a monocrystalline gallium 
nitride localized substrate according to the present invention 
comprises the step of forming silicon carbide on a 
monocrystalline silicon substrate and the step of locally forming 
monocrystalline gallium nitride on the above-mentioned silicon 
carbide, and employs silicon nitride or silicon oxide as a mask 
in forming the above-mentioned monocrystalline gallium nitride . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic view showing the steps of a 
manufacturing method of a monocrystalline gallium nitride 
localized substrate according to Embodiment 1 of the present 
invention; and 

Fig. 2 is a schematic view showing the steps of a 
manufacturing method of a monocrystalline gallium nitride 
localized substrate according to Embodiment 2 of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Fig. 1 is a schematic view showing the steps of a 
manufacturing method of a monocrystalline gallium nitride 



localized substrate according to Embodiment 1 of the present 
invention, and Fig. 2 is a schematic view showing the steps of 
a manufacturing method of a monocrystalline gallium nitride 
localized substrate according to Embodiment 2 of the present 
invention . 

A monocrystalline gallium nitride localized substrate 
according to Embodiment 1 of the present invention is 
manufactured in the following manner. 

First, silicon nitride (Si 3 N 4 ) 200 as a thin film is made 
to grow by the CVD method on the whole surface of a silicon 
substrate 100 having a face orientation (111) for film formation 
(refer to Fig. 1 (A)) . This silicon nitride 200 functions as 
a mask in growing gallium nitride 400. That is, the gallium 
nitride 400 does not grow (does not remain resultingly) in parts 
in which the silicon nitride 200 is formed. 

Next, a photoresist 500 is applied on the silicon nitride 
200 to superpose a photomask 600 thereon in areas in which it 
is undesirable to grow the gallium nitride 400, and the mask 
pattern is transferred by the photolithography technique (refer 
to Fig. 1 (B) ) . 

The silicon nitride 200 in parts of no photoresist 500 
is removed by etching with the use of the developed photoresist 
500 as a mask (refer to Fig. 1 (C) ) . The developed photoresist 
500 is peeled off so as to expose a part 210 of no silicon nitride 
200 and an island-shaped silicon nitride island 220 (refer to 



Fig. 1 (D) ) . It should be noted that the surface of the silicon 
substrate 100 as an initial material is exposed in the part 210 
of no silicon nitride 200. 

Thereafter, the silicon in the part 210 of no silicon 
nitride 200 is modified into cubic monocrystalline silicon 
carbide 300 (refer to Fig. 1 (E) ) . Then, the face orientation 
of the modified monocrystalline silicon carbide 300 is (111), 
the same as the silicon substrate 100 as an initial material. 

The modification of the silicon into the monocrystalline 
silicon carbide 300 is per formed by placing the silicon substrate 
100 inside a film-forming chamber and heating the atmosphere 
temperature of the inside of the film-forming chamber to a 

temperature of 1200 to 1405°C while streaming hydrogen gas and 
hydrocarbon-based gas at a rate of 1 to 5 volume % with respect 
to the hydrogen gas as carrier gas. Also, the inside of the 
film-forming chamber is set under atmospheric pressure. It 
should be noted that the hydrocarbon-based gas involves propane 
gas, methane gas, ethylene gas, butane gas and the like, and 
propane gas will be the most excellent in a high content of carbon 
atom and the lowest cost at the present time as compared with 
methane gas and ethylene gas. 

Subsequently, the gallium nitride 400 is made to 
epitaxially grow by the MOCVD method on the whole surface of 
the silicon substrate 100 (refer to Fig. 1 (F) ) . Then, the face 
orientation of the growing gallium nitride 400 is (0001) . There 



exists the difference in crystallinity between gallium nitride 
410 grown on the above-mentionedmonocrystalline silicon carbide 
300 and gallium nitride 420 grown on the silicon nitride island 
220. The gallium nitride 410 grown on the monocrystalline 
silicon carbide 300 has more favorable crystallinity than the 
other. This results from the closeness in lattice constant 
between the (111) face of the monocrystalline silicon carbide 
300 and the (0001) face of the gallium nitride 400 . On the other 
hand, the gallium nitride 420 grown on the silicon nitride island 
220 becomes polycrystalline, so as to include a great number 
of crystal defects and have a chemically unstable structure. 

The above-mentioned silicon nitride island 22 0 is provided 
in areas in which it is undesirable to grow the gallium nitride 
400. It is, therefore, required to remove the gallium nitride 
420 grown on this silicon nitride island 220. 

The removal of this gallium nitride 420 is performed in 
the following manner . For example, potassium hydroxide is used 
as etching liquid to soak the whole sample in this etching liquid. 
This etching liquid is capable of dissolving the gallium nitride 
410 grown on the monocrystalline silicon carbide 300 as well; 
however, the gallium nitride 420 grown on the silicon nitride 
island 220 is chemically unstable, so that the etching rate 
thereof is higher than that of the gallium nitride 410 and 
consequently the gallium nitride 420 grown on the silicon nitride 
island 220 is selectively etched . Thus, the unnecessary gallium 



nitride 420 can be removed with a favorable selectivity (refer 
to Fig. 1 (G) ) . 

Next, the silicon nitride island 220 remaining on the 
surface also after removing the unnecessary gallium nitride 420 
is etched by heated phosphoric acid to obtain a monocrystalline 
gallium nitride localized substrate such that the 
monocrystalline gallium nitride 410 is locally present (refer 
to Fig. 1 (H) ) . 

Secondly, a manufacturing method of a monocrystalline 
gallium nitride localized substrate according to Embodiment 2 
of the present invention is described referring to Fig. 2. 

This manufacturing method is as follows. The surface of 
a silicon substrate 100 having a face orientation (111) for film 
formation is thermally oxidized to form silicon oxide (Si0 2 ) 
700 as a thin film (refer to Fig. 2 (A) ) . This silicon oxide 
700 functions as a mask in growing gallium nitride 400. That 
is, the gallium nitride 400 does not grow (does not remain 
resultingly) in parts in which the silicon oxide 700 is formed. 

Next, a photoresist 500 is applied on the silicon oxide 
700 to superpose a photomask 600 thereon in parts in which it 
is undesirable to grow the gallium nitride 400, and the mask 
pattern is transferred by the photolithography technique (refer 
to Fig. 2 (B) ) . 

The silicon oxide 700 in parts of no photoresist 500 is 
removed by etching with the use of the developed photoresist 



500 as a mask (refer to Fig. 2 (C) ) . The developed photoresist 
500 is peeled off so as to expose a part 710 of no silicon oxide 
700 and an island-shaped silicon oxide island 720 (refer to Fig. 
2 (D) ) . It should be noted that the surface of the silicon 
substrate 100 as an initial material is exposed in the part 710 
of no silicon oxide 700. 

Thereafter, the silicon of the silicon substrate 100 
exposed in the part of no silicon oxide 700 is modified into 
cubic monocrystalline silicon oxide 300 by the same manner as 
described inEmbodiment 1 (refer to Fig. 2 (E) ) . Themodif ication 
of the silicon into the monocrystalline silicon carbide 300 is 
performed by the same manner as described above, namely, by 
placing the silicon substrate 100 inside a film-forming chamber 
and heating the atmosphere temperature of the inside of the 
film-forming chamber to a temperature of 1200 to 1405°C while 
streaming hydrogen gas and hydrocarbon-based gas such as propane 
gas, methane gas, ethylene gas and butane gas at a rate of 1 
to 5 volume % with respect to the hydrogen gas as carrier gas. 
Also, the inside of the film-forming chamber is set under 
atmospheric pressure . 

The face orientation of the modified monocrystalline 
silicon carbide 300 isalso (111), the same as the initial silicon 
substrate 100. 

Next, the gallium nitride 400 is made to epitaxially grow 
by the MOCVD method on the whole silicon substrate 100 (refer 

8 



to Fig . 2 ( F) ) . Then, the face orientation of the growing gallium 
nitride 400 is (0001) . There exists the difference in 
crystallinity between gallium nitride 410 grown on the 
above-mentionedmonocrystalline silicon carbide 300 and gallium 
nitride 420 grown on the silicon oxide island 720. The gallium 
nitride 410 grown on the monocrystalline silicon carbide 300 
has more favorable crystallinity than the other. This results 
from the closeness in lattice constant between the (111) face 
of the monocrystalline silicon carbide 300 and the (0001) face 
of the gallium nitride 400. On the other hand, the gallium 
nitride 420 grown on the silicon oxide island 720 includes a 
great number of crystal defects, so as to have a chemically 
unstable structure . 

The silicon oxide island 720 is provided in parts in which 
it is undesirable to grow the gallium nitride 400, so that it 
is required to remove the gallium nitride 42 0 grown on the silicon 
oxide island 720. 

The removal of this gallium nitride 420 is performed in 
the following manner . For example, potassium hydroxide is used 
as etching liquid to soak the whole sample in this etching liquid. 
This etching liquid is capable of dissolving the gallium nitride 
410 grown on the monocrystalline silicon carbide 300 as well; 
however, the gallium nitride 42 0 grown on the silicon oxide island 
720 is chemically unstable, so that the etching rate thereof 
is higher than that of the gallium nitride 410 and consequently 



the gallium nitride 420 grown on the silicon oxide island 720 
is selectively etched. Thus, the unnecessary gallium nitride 
420 can be removed with a favorable selectivity. 

Next, the silicon oxide island 720 remaining on the surface 
is etched by he a ted hydro fluoric acid-based etching liquid (refer 
to Fig. 2 (G) ) to obtain a monocrys talline gallium nitride 
localized substrate such that the monocrystalline gallium 
nitride 410 is locally present (refer to Fig. 2 (H) ) . 

It should be noted that the silicon substrate 100 is used 
as an initial material in the above-mentioned Embodiments 1 and 
2, and a monocrystalline gallium nitride localized substrate 
which is equivalent thereto can be manufactured also by using 
an SOI substrate instead through similar steps. 

A monocrystalline gallium nitride localized substrate 
according to the present invention locally has an area, in which 
monocrystalline gallium nitride is grown, on a monocrystalline 
silicon substrate . 

Such a monocrystalline gallium nitride localized 
substrate does not cause the problem of signal delay by forming 
optical devices such as LED and laser diode and electronic devices 
in parts thereon in which monocrystalline gallium nitride is 
formed and parts thereon in which monocrys talline gallium nitride 
is not formed respectively, as compared with products by a 
conventional method of sticking electronic devices and optical 
devices together. Also, the monocrystalline gallium nitride 
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localized substrate can solve the problem of downsizing optical 
devices caused in a method of connecting electronic devices by 
optical devices. 
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